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Summary 

During the period 1989-1990, 117 cases of tetanus were reported from 34 
states, for an average annual incidence of 0.02/100,000 population. Fifty-eight 
percent of patients were >60 years of age, while seven (6%) were <20 years of 
age, including one case of neonatal tetanus. Among adults, the risk of tetanus in 
those >80 years of age was more than 10 times the risk in persons ages 20-29 
years. The case-fatality rate increased with age, from 17% in persons 40-49 
years of age to 50% in those >80 years of age. Only 11% of patients reported 
having received a primary series of tetanus toxoid before disease onset, while 
31% lacked a history of tetanus vaccination. Tetanus occurred following an acute 
injury in 78% of patients. Of patients who sought medical care, only 58% re- 
ceived tetanus toxoid as part of wound prophylaxis. Tetanus remains a severe 
disease that primarily affects unvaccinated or inadequately vaccinated older 
adults. Increased efforts are needed to reduce the risk of tetanus among the el- 
derly. Health-care providers should take every opportunity to review the 
vaccination status of their patients and provide tetanus vaccine when indicated. 


INTRODUCTION 


The reported incidence of tetanus mortality and morbidity in the United States has 
declined dramatically since the mid- to late 1940s, when tetanus toxoid (TT) became 
generally available (7). The national tetanus surveillance system documented this de- 
crease in tetanus morbidity, from 560 reported cases in 1947 when reporting was 
introduced to 53 cases in 1988 (2). This decline in tetanus incidence has resulted from 
the widespread use of TT as diphtheria and tetanus toxoids and pertussis (DTP) vac- 
cine in infants and children; the use of TT and tetanus immune globulin (TIG) as 
postexposure prophylaxis in wound treatment; and improved wound-care manage- 
ment. In addition, increased rural to urban migration (3), with consequent decreased 
exposure to tetanus spores, may have also contributed to the decline in tetanus mor- 
tality noted during the first half of the twentieth century. 

Vaccination coverage for TT among school-age children has been greatly improved 
with the adoption and implementation of state immunization requirements. Currently, 
47 states and the District of Columbia have tetanus vaccination requirements (4). On 
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average, >95% of students entering school since 1980 have received a primary series 
of TT (5; CDC unpublished data). 

Despite improvements in childhood tetanus vaccination coverage, susceptibility in 
older adults remains high, largely as a result of low vaccination coverage with a pri- 
mary series of TT (as DTP pediatric diphtheria and tetanus toxoids vaccine [DT], or 
tetanus and diphtheria toxoid for adult use [Td]) and low compliance with the recom- 
mendation for a reinforcing dose of Td every 10 years (6). As vaccination coverage in 
children has improved, elderly persons have accounted for an increasing proportion 
of all cases. 

To describe the current epidemiology of tetanus and to identify special groups at 
risk for tetanus, surveillance data for reported tetanus cases for 1989-1990 were ana- 
lyzed. In addition, long-term trends of reported tetanus cases since 1947 and tetanus 
deaths reported to the National Vital Statistics System were evaluated. 


METHODS 


Tetanus Surveillance 


National surveillance of tetanus is a passive system based on reporting of physi- 
cian-diagnosed tetanus cases to local and state health officials. The case definition for 
tetanus is based on clinical diagnosis by the attending physician, since routinely avail- 
able laboratory tests are not diagnostic. In 1990, the Council of State and Territorial 
Epidemiologists and CDC adopted the following clinical case definition for public 
health surveillance of tetanus: “Acute onset of hypertonia and/or painful muscular 
contractions (usually of the muscles of the jaw and neck) and generalized muscle 
spasms without other apparent medical cause (as reported by a health professional)” 
(7). 

State health departments report cases of tetanus on a weekly basis to CDC through 
the National Notifiable Diseases Surveillance System. Supplemental clinical and 
epidemiologic information is submitted by the reporting state on tetanus surveillance 
case report forms (CDC Form 71.15 Rev 9-86) to the Division of Immunization in CDC’s 
National Center for Prevention Services. These forms provide information on the clini- 
cal history, presence and nature of associated risk factors, vaccination status, wound 
care, and clinical management and are generally completed by public health officials, 
based on information provided by the patient's physician. This supplemental system 
has been in use since 1965 (8). The Morbidity and Mortality Weekly Report (MMWR) 
publishes the reported number of tetanus cases by state and reporting week on a 
weekly basis and in an annual summary (2). Tetanus information from the supple- 
mental tetanus case report forms is summarized every 2-3 years (9-17). 

Tetanus deaths are reported to CDC’s National Center for Health Statistics (NCHS) 
under the vital registration system of each state, using information derived from death 
certificates (72). Both underlying and contributing causes of death are reported to 
NCHS. The CDC considers a tetanus-related death to be any death for which tetanus is 
listed as an underlying or contributing cause. 
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Statistical Analysis 
A nonparametric test (Wilcoxon rank sum t-test) was used to compare incubation 


periods and TIG dosage of tetanus patients who survived with those who did not (13). 
A p-value <0.05 was considered statistically significant. 


RESULTS 


Long-term Trends 


Tetanus mortality and morbidity declined dramatically from 1947 through 1976 
(Figure 1). However, since 1976, the rate of decline of reported tetanus incidence has 
been slower. Tetanus incidence for 1989-1990 was similar to that for 1987-1988. The 
overall case-fatality rate has also declined, from 91% in 1947 to 44% in 1976 to 24% for 
1989-1990. 


Current Epidemiology 


During the period 1989-1990, state health departments reported 117 cases of teta- 
nus to CDC (53 cases in 1989; 64 cases in 1990). The average annual incidence for 


FIGURE 1. Reported incidence of tetanus and tetanus-related deaths — United 
States, 1947-1990 
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1989-1990 was 0.02/100,000 population, compared with 0.39/100,000 in 1947, when 
national reporting began; this represents a decline of >90%. At least one case of teta- 
nus was reported from each of 34 states, and 18 states reported tetanus cases in both 
years. Eleven (61%) of the 18 states that did not report any cases were located in the 
Rocky Mountain and West North Central regions, a geographic distribution previously 
noted (Figure 2) (9-17) . 

Supplemental case report forms with detailed demographic, clinical, and 
epidemiologic information were provided for 110 patients, or 94% of the tetanus cases 
reported to CDC. Of the 110 patients, 57 (52%) were female. Based on the 109 persons 
of known race/ethnicity, the estimated average annual incidence for non-Hispanic 
whites (71 cases) was 0.19 per million population; for non-Hispanic blacks (22 cases), 
0.38 per million; for Hispanics (14 cases), 0.32 per million; and for all other racial/ethnic 
groups combined (two cases, both of whom were Asian), 0.10 per million. 

Of 109 patients of known age, 58% were >60 years of age and seven (6%) were <20 
years of age (Figure 3). One case of neonatal tetanus was reported in an infant born to 
a woman living in Florida who delivered her infant at home, at which time the umbili- 
cal cord was cut with unsterilized scissors. The mother was unimmunized (74). The 
youngest non-neonatal case occurred in an unimmunized 2-year-old with a scalp ab- 
scess secondary to ringworm infection. 


FIGURE 2. Number of reported tetanus cases, by state* — United States, 1989-1990 


*D.C. = District of Columbia. 
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Twenty-five deaths occurred among 106 persons with known outcome, for a case- 
fatality rate of 24%. All tetanus-related deaths occurred among persons >40 years of 
age. The case-fatality rate increased with age, from 17% among persons ages 40-49 
years to 50% among persons 280 years of age. 


Prior Vaccination Status 

Tetanus vaccination status was reported for 57 of the 110 patients (Table 1). Of the 
four patients <20 years of age with information on vaccination status, two had re- 
ceived no doses of TT, whereas two persons reported receiving a complete primary 
series. Of the 53 patients ages >20 years for whom vaccination information was avail- 
able, 10 (19%) were reported to have received at least three TT doses, 11 (21%) had 
received one or two doses, and 32 (60%) reported no prior doses of vaccine. 

Twelve persons (11%) reportedly received at least a primary series of TT before 
disease onset (Table 1). Of the 11 patients with information on interval since last dose, 
one had received the last dose of TT 3 years before onset. This person had a deep 
abrasion for which no Td or TIG prophylaxis had been received. Two had received 
their last dose 5-9 years before onset; for eight (67%) persons, the last dose was re- 
ceived 10-20 years before onset. 


FIGURE 3. Reported tetanus cases and incidence rates, by age group — United 
States, 1989 and 1990 
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Type of Injury, Wound Treatment, and Prophylaxis 

Tetanus occurred after an identified acute injury in 86 persons. Of these, more than 
half (52%) occurred following puncture wounds. The other most frequently reported 
acute injuries were lacerations (23%) and abrasions (17%). The injury site was a lower 
extremity in 49 (58%) cases, an upper extremity in 29 (35%) cases, and the head or 
trunk in six cases (7%). Site was unspecified in two cases. Most wounds were caused 
by sharp objects, such as nails or splinters. Four persons were bitten or scratched by 
animals, including one person who was injured by a pig. The median incubation pe- 
riod for the 72 patients for whom a wound date and tetanus onset date were specified 
was 7 days (range: 0-123 days). The incubation period for most (69%) tetanus patients 
ranged from 4-14 days; however, for 14 patients (19%) the incubation period was <3 
days and was >14 days for nine patients (12%). The incubation period did not differ 
significantly between persons who survived and those who died following their teta- 
nus illness (Wilcoxon rank sum t-test, p=0.67). 

Of the 66 patients whose place of injury was known, 30 (45%) were injured during 
farming or gardening activities, 22 (33%) while at home or indoors, and 12 (18%) in 
other outdoor settings. Two persons (3%) had motor vehicle-related injuries. One per- 
son developed tetanus following surgery for mammoplasty. No other surgery-related 
tetanus case was reported. 

Of the 86 patients who developed tetanus following an acute wound for whom in- 
formation regarding medical care was available, 27 (32%) sought medical treatment 
for their injury. TT was given as prophylaxis in wound management to 15 patients 
(58%), 11 of whom received TT within 4 days (73%). Based on the current recommen- 
dations of the Advisory Committee on Immunization Practices (ACIP) for the use of Td 
and TIG in wound management (Table 2) (6), 11 of the 12 patients who sought medical 
care for an acute injury but were not given Td should have received it. 

Seven patients with acute wounds severe enough to have received prophylactic 
wound debridement were candidates for both Td and TIG (Table 2); four received Td in 
the course of wound management, and none received TIG. 

Fourteen cases not related to acute injury were associated with chronic wounds or 
underlying medical conditions such as skin ulcers, abscesses, or gangrene. Three of 
these (21%) occurred in persons with insulin-dependent diabetes. A history of paren- 
teral drug abuse was the only associated condition for five (36%) patients. No known 
acute injury, chronic wound, or other pre-existing medical condition was reported for 
10 patients. 


TABLE 1. Vaccination status of persons with reported tetanus — United States, 
1989-1990 


Vaccination status 


0 doses 34 31.2 
1 dose 9 8.3 
2 doses 2 1.8 
3 doses 2 1.8 
24 doses 10 9.2 
Unknown 53 48.2 


Total 


6 December 11, 1992 
P| Number Percent 

110 100.0 
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Clinical Features and Treatment 


Therapeutic TIG administration for treatment of clinical tetanus was reported for 99 
patients, with the exact dose of TIG specified in 86 patients. The median TIG dosage 
used therapeutically was 3,000 IU (range: 250-19,000). Of the 99 patients who received 
TIG, 22 died (22%); one (25%) of the four patients who did not receive TIG died. Initial 
or final dosage of TIG did not differ significantly between persons who died and those 
who recovered (Wilcoxon rank sum test, p=0.68). 

Type of tetanus was reported for 90 patients: 79 (88%) cases were generalized, eight 
(9%) were localized, and three (3%) were cephalic. 

Length of hospitalization was reported for 82 patients; the median duration was 17 
days (range: 2-131 days). Of the 94 patients for whom the use of assisted ventilation 
was reported, 55 (58%) required ventilation. Twenty-seven percent of those who re- 
quired ventilation died, as compared with 15% of those who did not require 
ventilation. 


DISCUSSION 


Tetanus in the United States is an uncommon, but sometimes fatal, disease, and the 
incidence is highest among the elderly. As appropriately vaccinated children have 
reached adolescence and adulthood, the remaining tetanus burden has shifted to 
older adults. 

Because tetanus surveillance findings are based only on reported cases, these re- 


sults are likely to underestimate the “true” tetanus incidence in the United States. 
Completeness of reporting for tetanus mortality has been estimated at 40%, while 
completeness of reporting for tetanus morbidity may be even lower (75). Although 
completeness of tetanus reporting is low, analysis of tetanus mortality reporting sug- 
gests that reported cases are representative of all tetanus cases (75). 

The epidemiology of reported tetanus in the United States in 1989-1990 was similar 
to that previously described for the 1980s (9-77). Tetanus continues to be a severe 


TABLE 2. Summary of recommendations of Advisory Committee on Immunization 
Practices for tetanus prophylaxis in routine wound management — United States, 
1991 (6) 


History of 
edesthed tetanus Clean, minor wounds All other wounds* 


toxoid (doses) Td TIG Tdt TIG 


Unknown or <3 Yes No Yes Yes 
>38 No! No No** No 


*Such as, but not limited to, wounds contaminated with dirt, feces, soil, saliva; puncture 
wounds; avulsions; and wounds resulting from missiles, crushing, burns, and frostbite. 
tFor children <7 years old, DTP (DT, if pertussis vaccine is contraindicated) is preferred to 
tetanus toxoid alone. For persons >7 years of age, Td is preferred to tetanus toxoid alone. 
Diphtheria and tetanus toxoids and acellular pertussis vaccine (DTaP) may be used instead 
of DTP for the fourth and fifth doses. 

5If only 3 doses of fluid toxoid have been received, then a fourth dose of toxoid, preferably 
an adsorbed toxoid, should be given. 

Yes, if more than 10 years since last dose. 

**Yes, if more than 5 years since last dose. (More frequent boosters are not needed and can 

accentuate side effects.) 
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disease that primarily affects older adults who are unvaccinated or inadequately vac- 
cinated. These observations have been corroborated by serologic surveys 
demonstrating that 31%-71% of older adults lack protective levels of tetanus antibod- 
ies (16-18) and that elderly persons living in rural settings are more likely to be 
unimmunized than elderly persons in urban settings (79 ). Tetanus is a completely pre- 
ventable disease, through both vaccination and appropriate wound prophylaxis. 
Vaccination with a primary series of three doses of TT and booster doses every 10 
years is highly effective in the prevention of tetanus (20 ). In the case series described 
in this report, only 21% of patients with known vaccination history had completed a 
primary series of TT before tetanus onset. 

As previously noted (9-17), the majority of tetanus cases followed an acute injury. 
Acute wound-associated tetanus can be prevented by appropriate wound manage- 
ment, including active or passive immunization. Sixty-eight percent of patients in 
1989-1990 with acute injuries did not seek medical care; of those who did, 92% did not 
receive prophylaxis as recommended by ACIP guidelines (Table 2). 

Tetanus remains a clinical diagnosis since confirmatory laboratory tests are not cur- 
rently available for routine use. Isolation of the organism from wounds is neither 
sensitive nor specific, as anaerobic cultures of tissues or aspirates are not usually 
positive and the organism may be grown from wounds in the absence of clinical signs 
and symptoms (21-23). 

The neonatal tetanus case reported in 1989 is the first case reported in a neonate 
since 1984. Although nearly all tetanus cases in the United States occur in adults, most 
reported tetanus cases worldwide occur in neonates. In 1989, the World Health As- 
sembly adopted a resolution for the worldwide elimination of tetanus by 1995 (24). 
Neonatal tetanus can be prevented by a) ensuring that infants are born with protective 
levels of maternally derived antibodies, and b) reducing the likelihood of environ- 
mental exposure. The recommended strategy is vaccination of all women of 
childbearing age with at least two doses of TT at least 2 months apart. 

Older adults are at highest risk of developing tetanus in the United States and 
should be targeted for tetanus immunization efforts. The 1989 National Health Inter- 
view Survey, which questioned a probability sample of U.S. adults, ascertained that 
only 13% of persons >65 years reported having received a dose of TT within the pre- 
vious 5 years. Because tetanus boosters are recommended routinely every 10 years, 
approximately 50% should have been vaccinated within the 5 years preceding the sur- 
vey. Health-care providers should take every opportunity to review the vaccination 
status of their patients (particularly elderly patients) and provide, when indicated, Td 
and other vaccines such as hepatitis B, influenza, pneumococcal, and measles- 
mumps-rubella (25 ). Maintenance of protection against tetanus (and diphtheria) after 
the primary series can be achieved by routinely scheduling booster doses of Td at 
mid-decade ages (e.g., 45 years, 55 years, 65 years) (6). 
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Summary 

The licensure of whole-cell pertussis vaccine combined with diphtheria and 
tetanus toxoids as DTP in the 1940s — and its widespread use in infants and 
children — led to a dramatic decline in the incidence of reported pertussis. In the 
prevaccine era, the average annual incidence and mortality for reported pertus- 
sis were 150 cases and six deaths per 100,000 population, respectively. From 
1989 to 1991, pertussis cases were reported by state and local health depart- 
ments to CDC through two distinct national surveillance systems: the National 
Notifiable Diseases Surveillance System (NNDSS) and the Supplementary Per- 
tussis Surveillance System (SPSS). 

During the period 1989-1991, 11,446 pertussis cases were reported to the 
NNDSS (4,157 in 1989; 4,570 in 1990; and 2,719 in 1991), for an unadjusted an- 
nual incidence of 1.7, 1.8, and 1.1 cases per 100,000 population in 1989, 1990, 
and 1991, respectively. For the period 1989-1991, case reports were received 
through the SPSS on 9,480 (83%) of the 11,446 patients reported to the NNDSS. 
Age-specific incidence and hospitalization rates were highest among children <1 
year of age and declined with increasing age. 

Long-term trends suggest an increase in the reported incidence of pertussis 
in the United States since 1976. The peak in reported pertussis cases in 1990 
represents the highest annual incidence of pertussis since 1970. However, the 
incidence of pertussis declined 41% from 1990 through 1991. 

Whether the long-term increase in reported pertussis is a true increase in in- 
cidence is unclear; the observed increase may be a function of improved 
surveillance. To better estimate the true incidence of pertussis, the surveillance 
system needs to use a sensitive and specific case definition and the information 
collected needs to be as complete and accurate as possible. Because available 
diagnostic tests vary in sensitivity and specificity, the following steps should be 
taken to improve surveillance for pertussis in the United States: a) increase phy- 
sician knowledge of the clinical presentation of pertussis; b) encourage more 
widespread use of culture, the current “gold standard” of pertussis laboratory 
diagnosis; and c) encourage the use of uniform clinical case cefinitions as rec- 
ommended by the Council of State and Territorial Epidemiologists and CDC. 
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INTRODUCTION 


Pertussis was a major cause of morbidity and mortality among infants and children 
in the prevaccine era in the United States. From the 1920s — when pertussis became 
a nationally reportable disease — until the early 1940s — when pertussis vaccines first 
became available — the average annual incidence and mortality for reported pertussis 
were 150 cases and six deaths per 100,000 population, respectively (7). The highest 
incidence of pertussis was in 1934, when >260,000 cases were reported; the highest 
mortality for pertussis was in 1923, when >9,000 deaths were reported (2 ). Whole-cell 
pertussis vaccine was licensed in 1948, and whole-cell pertussis vaccine combined 
with diphtheria and tetanus toxoids was licensed as DTP in 1949. The widespread use 
of the vaccines among infants and children led to a marked decline in the incidence of 
reported pertussis, which reached a nadir in 1976 (1,010 reported cases) (Figure 1). 
From 1980 through 1989, the average annual unadjusted incidence of reported pertus- 
sis was 1.2 cases per 100,000 population (3). 


FIGURE 1. Reported incidence of pertussis and pertussis-related deaths — United 
States, 1922-1991* 
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*Incidence data are reported through the National Notifiable Diseases Surveillance System. 
Mortality data are reported through the National Vital Statistics System of the National Center 
for Health Statistics at CDC; mortality data were not available for 1990 or 1991. Since 1981, 
pertussis has been recorded as an underlying cause of death on fewer than 12 death certificates 
per year. 
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METHODS 


National Surveillance for Pertussis 

The pertussis reporting system has two major components: the National Notifiable 
Diseases Surveillance System (NNDSS) and the Supplementary Pertussis Surveil- 
lance System (3). Prior to 1979, information reported to CDC on pertussis cases was 
limited to age and county and state of residence. In 1979, CDC initiated the SPSS to 
collect more detailed clinical and demographic information for each case. During the 
period covered in this report, pertussis cases were reported by state and local health 
departments to CDC through the NNDSS and SPSS. Whereas the NNDSS emphasizes 
the timely reporting of pertussis cases, the SPSS emphasizes collection of detailed 
disease-specific clinical and demographic information. Although CDC requests that all 
pertussis cases be reported to both systems, reports are received without personal 
identifiers and there is no mechanism to match cases from the two systems. More- 
over, neither system collects the necessary information to distinguish whether a case 
is sporadic or a part of an outbreak. CDC is informed of outbreaks through communi- 
cations with state and local health officials. 

In both systems, clinical and laboratory criteria used to define reportable cases of 
pertussis are established by state or local health departments. In a survey conducted 
in 1984 (4), 42% of state health departments reported using a case definition for per- 
tussis, although definitions varied among states. Forty-one percent of health 
departments accepted a physician diagnosis of pertussis even if laboratory studies for 


Bordetella pertussis were negative, and 51% of health departments accepted a physi- 
cian diagnosis of pertussis if laboratory studies were not done. 


National Notifiable Diseases Surveillance System 

The NNDSS for pertussis consists of weekly telephone or electronically transmitted 
reports of cases to CDC by individual state and territorial health departments. The 
information routinely reported consists of state and county of residence, age in years, 
date of report to CDC, and, from some states, race and ethnicity. Cases are aggregated 
by date of report to CDC and are published weekly in the Morbidity and Mortality 
Weekly Report. 


Nationai Supplementary Pertussis Surveillance System 

In the SPSS, written case report forms on pertussis cases are completed by health 
department personnel and sent to CDC. Information is collected on age (reported in 
months for children <2 years of age and in years thereafter), other demographic vari- 
ables, DTP vaccination history, selected clinical characteristics (onset date of cough 
and the presence of whoop, apnea, pneumonia, seizures, or encephalopathy), hospital 
admission, deaths, and results of culture and direct fluorescent antibody (DFA) testing 
of nasopharyngeal secretions for Bordetella pertussis. Since January 1984, a revised 
report form has been used that requests more detailed information on clinical mani- 
festations and medical care, including duration of cough, the presence of paroxysmal 
cough, cyanosis, vomiting, and cold-like symptoms, the number of outpatient visits, 
length of hospital stay, and information on antimicrobial therapy. 
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State health officers were contacted by telephone to verify case report forms when 
the reported outcome was “death” or “unknown” or when the presence of 
encephalopathy was reported as “yes” or “unknown.” No additional efforts were 
made to verify reports or to obtain missing information. Hence, data on particular vari- 
ables were available for a varying number of cases, depending on the completeness 
of the case report forms. Similarly, no independent confirmation was sought for state 
or local laboratory test results. 


Mortality Data 

Data on the long-term trends in pertussis-associated mortality were obtained from 
the National Vital Statistics System of CDC’s National Center for Health Statistics. In 
that system, which is independent of the SPSS, deaths were identified for which Bor- 
detella pertussis (International Classification of Diseases, Ninth Revision , code 033.0) 
is listed as the underlying cause of death (5). 


Pertussis Vaccination Schedule 

The DTP vaccination schedule recommended by the Advisory Committee on Immu- 
nization Practices (6) and the American Academy of Pediatrics (7) was used to 
determine whether children had received the recommended number of doses for their 
age at the time of onset of pertussis (Table 1). In December 1991, a diphtheria and 
tetanus toxoids and acellular pertussis vaccine (DTaP) was licensed for the fourth and 
fifth doses of the DTP series. 


TABLE 1. Routine diphtheria, tetanus, and pertussis vaccination schedule summary 
for children <7 years old — United States, 1992 


Dose Age Customary age/interval Product 
Primary 1 2 months 6 weeks of age or older DTP* 
Primary 2 4 months 4-8 weeks after first dose DTP* 
Primary 3 6 months 4-8 weeks after second dose? DTP* . 
Primary 4 15-18 months 6-12 months after third dose DTaP or DTP* 


Booster 4-6 years old, before entering kindergarten or DTaP or DTP*” 
elementary school (not necessary if fourth primary 
vaccinating dose is administered after fourth birthday) 


Additional 
boosters Every 10 years after last dose Td! 


*Use diphtheria and tetanus toxoids adsorbed (DT) if pertussis vaccine — as contained in 
diphtheria and tetanus toxoids and pertussis adsorbed vaccine (DTP) — is contraindicated. If 
the child is 21 year of age at the time that primary dose 3 is recommended, a third dose 6-12 
months after the second completes primary vaccination with DT. 

' Prolonging the interval does not require restarting series. 

Either diphtheria and tetanus toxoids and acellular pertussis vaccine (DTaP) or whole-cell DTP 
can be used for the fourth and fifth doses; DTaP is generally preferred, if available. 
Tetanus and diphtheria toxoids for adult use. 
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RESULTS 


During the period 1989-1991, 11,446 pertussis cases were reported from state 
health departments to CDC through the NNDSS (4,157 in 1989; 4,570 in 1990; and 
2,719 in 1991), for an unadjusted annual incidence of 1.7, 1.8, and 1.1 cases per 
100,000 population in 1989, 1990, and 1991, respectively (Figure 2). In comparison, 
10,468 cases were reported to CDC during the period 1986-1988 (8). The peak in re- 
ported pertussis cases in 1990 represents the highest annual incidence of pertussis 
since 1970. However, from 1990 through 1991 the incidence decreased 41%. 

During the period 1989-1991, pertussis cases were reported from all 50 states and 
the District of Columbia; the highest average annual incidence was reported from Ha- 
waii (11.7/100,000), Arizona (11.3/100,000), Idaho (7.4/100,000), New Hampshire 
(6.1/100,000), and Massachusetts (6.1/100,000). During this period, pertussis outbreaks 
were reported from Arizona (400 cases in 1989), Missouri (141 cases in 1989), Idaho 
(75 cases in 1989), and Illinois (354 cases in 1990). 

For the years 1989-1991, detailed case reports were received through the SPSS on 
9,480 (83%) of the 11,446 patients reported through the NNDSS. The age distribution 
of patients reported to the SPSS was similar to that of patients reported through the 


FIGURE 2. Reported pertussis cases and incidence rates, by year — United States, 
1980-1991* 
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NNDSS except for children <1 year of age, who comprised a higher percentage of 
patients reported to the SPSS (53% versus 45%) (Table 2). Age-specific incidence dur- 
ing the period 1989-1991 was highest among children <1 year of age and declined 
with increasing age (Figure 3). Twenty-three states provided race and ethnicity infor- 
mation on >66% of reported cases. The incidence of pertussis among children <5 
years of age was similar for Hispanic, Asian, non-Hispanic black, and non-Hispanic 
white children (9.0, 9.2, 10.7, and 11.5 cases per 100,000 population, respectively). The 
rate was somewhat lower among children of Native American descent (4.7 cases per 
100,000 population). 

To assess the certainty of pertussis diagnosis, the 9,480 patients were classified into 
five categories based on clinical and laboratory criteria (Table 3). Thirty-two percent 
had a positive culture with cough of any duration. An additional 46% of cases had 
cough for 214 days; of these cases, 44% had a positive DFA result. 

During the years 1989-1991, 3,900 persons were reported to have been hospitalized 
with pertussis and 1,115 developed pneumonia. Seizures were reported in 157 cases, 
encephalopathy was reported in 12 cases, and 20 deaths were attributed to pertussis. 
The percentage of persons with pertussis who were hospitalized or had complications 
(e.g., pneumonia, seizures, or encephalopathy) or who died was highest for children 
<6 months of age and tended to decline with increasing age (Table 4). 

Of the 4,471 patients ages 3 months through 4 years whose vaccination status was 
known, 65% had not been vaccinated according to recommended schedules, includ- 
ing 39% who had not received any doses of pertussis-containing vaccine. 


FIGURE 3. Incidence rates of reported pertussis cases per 100,000 population, by 
age group — United States, 1980-1991 
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TABLE 2. Reported pertussis cases, by age group — United States, 1989-1991 


*Supplementary Pertussis Surveillance System, compiled by date of onset. 
National Notifiable Diseases Surveillance System, compiled by date of report. 


Information on age not available for 147 (1.6%) cases reported through the SPSS and for 381 
(3.4%) cases reported through the NNDSS. 


TABLE 3. Classification of pertussis cases by clinical and laboratory criteria — United 
States, 1989-1991 


Category 


1. Positive culture with cough (any duration) 

2. Cough for 214 days and positive DFA* (without positive culture) 

3. Cough for 214 days (without positive culture or positive DFA) 

4. Positive DFA with cough for <14 days (without positive culture) 

5. Cough for <14 days (without positive culture or positive DFA) 
Insufficient information 


Total 
*DFA = direct fluorescent antibody test. 


TABLE 4. Hospitalizations, complications, and deaths among reported pertussis 
patients,* by age group — United States, 1989-1991 


Age group _—No. 
<6 mos 3,730 


AD 


15-19 yrs 
220 yrs 7.0 


Total 9,333' 3,826' 41.0 1,096** 11.7 


*Supplementary Pertussis Surveillance System. 

tRadiographically confirmed. 

SExcludes 147 (1.6%) patients of unknown age. 

1Excludes 74 hospitalized patients of unknown age. 
**Excludes 19 patients of unknown age with pneumonia. 
ttExcludes 4 patients of unknown age with seizures. 


— 


Cases 
Reported through SPSS* Reported through NNDSS* 
Age group (years) No. % No. % 
ip <1 4,982 53.4 5,025 45.4 
14 1,964 21.0 2,800 25.3 
E 5-9 704 7.5 972 8.8 
E 10-14 619 6.6 768 6.9 
; 15-19 378 4.1 533 4.8 
220 686 7.4 967 8.7 
z Total with reported age’ 9,333 100.0 11,065 100.0 
| No. cases % 
2,984 31.5 
1,936 20.4 
2,426 25.6 
1,349 14.2 
497 5.2 
288 3.0 
9,480 100.0 
. Hospitalized Pneumonia’ Seizures Encephalopathy Deaths 
No. % No. % No. % Br 
2,588 69.4 606 16.2 68 0.4 , 
6-11 mos 1,252 557 44.5 176 14.1 26 0.1 
§ 1-4 yrs 1,964 473 24.1 217 11.0 42 0.2 ; 
5-9 yrs 704 86 12.2 42 6.0 10 0.1 7 
10-14 yrs 619 52 8.4 22 3.6 4 _ 
6 1.6 1 
27 3.9 2 _— 
12 0.2 | 


DISCUSSION 


Pertussis is an endemic disease with epidemic peaks occurring most commonly 
every 3-4 years (9). During the 1980s, peaks in the reported incidence of pertussis in 
the United States occurred in 1983, 1986, and 1990 (3). The annual incidence of re- 
ported pertussis in the United States reached a 20-year peak in 1990 and was followed 
by a 41% decrease in 1991. 

Long-term trends suggest an overall increase in reported incidence of pertussis 
since 1976. It is uncertain whether the incidence of pertussis is truly increasing; the 
observed increase may be a function of improved reporting of cases. The need to 
improve the completeness of national reporting of pertussis is understored by the 
finding that only 11.6% of the estimated total number of pertussis cases in the United 
States from 1985 to 1988 were reported to CDC (10). Future studies and careful moni- 
toring over time will help clarify our understanding of secular trends in pertussis 
incidence. 

Pertussis continues to cause extensive morbidity and mortality in the United States, 
despite high vaccination coverage levels for this disease among school-age children. 
The disease burden is greatest among infants and preschool children (infants <6 
months of age have the highest risk of severe disease and death), many of whom are 
unvaccinated or have not been vaccinated at recommended times. Until a pertussis 
vaccine for use in adolescents and adults becomes available, age-appropriate vaccina- 
tion of infants and children with DTP vaccine will remain the key to preventing 
pertussis in this vulnerable age group. 

Cuiture of nasopharyngeal secretions for Bordetella pertussis remains the stand- 
ard for diagnosing pertussis, despite its low sensitivity in most settings (171-13). 
Testing of nasopharyngeal secretions with DFA techniques is widely used but has 
been shown to have low sensitivity and variable specificity ( 13,14 ). For these reasons, 
DFA should not be relied on as a criterion for laboratory confirmation of pertussis (15 ). 
Although new diagnostic methods for pertussis — such as serologic assays and 
polymerase chain reaction tests — are becoming increasingly available, their use re- 
mains limited predominantly to research settings. 

In 1990, the Council of State and Territorial Epidemiologists, in conjunction with 
CDC, developed uniform clinical case definitions for notifiable diseases to help states 
improve the specificity of disease reporting (15). For pertussis, an endemic or spo- 
radic case is defined as a cough illness lasting at least 14 days with at least one of the 
following: paroxysms of coughing, inspiratory “whoop,” or post-tussive vomiting — 
without other apparent cause (as reported by a health professional). In an outbreak 
setting, in which the accuracy of a clinical case definition for pertussis is more assured, 
a case (as reported by a health professional) may be defined as a cough illness lasting 
at least 14 days. 

More consistent use of the clinical case definitions in diagnosing pertussis could 
result in reports of fewer cases. However, the use of the clinical case definitions does 
not appear to explain the decline in the number of reported pertussis cases in 1991, as 
the proportions of cases confirmed by culture or by the clinical case definition alone 
were similar in 1989, 1990, and 1991. For the years 1989-1991, 32% of reported pa- 
tients had culture-confirmed pertussis with cough. For an additional 20% of patients — 
those with a positive DFA and cough for >14 days without culture confirmation — the 
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diagnostic certainty of pertussis remains high. The diagnostic certainty of pertussis for 
the 26% of patients with >14 days of cough without laboratory confirmation may be 
relatively accurate. However, organisms other than Bordetella pertussis have been 
shown to cause respiratory illness with prolonged cough (16), and the background 
prevalence of these infections will directly affect the specificity of the pertussis clinical 
case definition. For the 14% of patients with positive DFA and cough for <14 days and 
without culture confirmation, the diagnostic certainty of pertussis is substantially 
lower. Moreover, among the 5% of patients reported with cough for <14 days and no 
laboratory confirmation or insufficient information, the diagnostic certainty of pertus- 
sis is questionable. 

To determine the true incidence of pertussis, surveillance efforts will need to em- 
ploy highly specific case definitions (70) and to ensure that case ascertainment is 
complete. Until a more sensitive and specific diagnostic test becomes available, the 
following steps should be taken to improve pertussis surveillance in the United States: 
a) increase physician knowledge of the clinical presentation of pertussis; b) encourage 
more widespread use of culture; and c) encourage the use of uniform clinical case 
definitions. 
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The Morbidity and Mortality Weekly Report (MMWR) Series is prepared by the Centers for Disease 
Control! and Prevention (CDC) and is available on a paid subscription basis from the Superintendent of 
Documents, U.S. Government Printing Office, Washington, DC 20402; telephone (202) 783-3238. 

The data in the weekly MMWR are provisional, based on weekly reports to CDC by state health 
departments. The reporting week concludes at close of business on Friday; compiled data on a national basis 
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material to be considered for publication, should be directed to: Editor, MMWR Series, Mailstop C-08, Centers 
for Disease Control and Prevention, Atlanta, GA 30333; telephone (404) 332-4555. 
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